Autoimmune hepatitis (AIH) is a cause of chronic, immunemediated liver injury which without treatment may progress to end-stage liver disease. The disease state, characterized by elevations in liver enzymes, autoantibodies, and interface hepatitis on histology, has been noted to be induced by a wide range of insults. Medications, most commonly minocycline and nitrofurantoin, have long been established as potential inducers of AIH. Recently, biologics, powerful immune-modulators, have also been reported to induce AIH. We conclude that there is an association between administration of biologics in the development of AIH, and whether the relationship is causal will require appropriate studies in the future.
Introduction
Autoimmune hepatitis (AIH) is a chronic illness of the liver characterized by hepatocellular inflammation and necrosis, with interface hepatitis and plasma infiltration of liver tissue. 1 On laboratory evaluation, autoantibodies, particularly antinuclear antibodies (ANA), smooth muscle antibodies (SMA), liver kidney microsome type 1 antibodies and serum immunoglobulin (Ig)G, are often found to be abnormally increased. 2 Aminotransferase levels can be mild or severely elevated. Cases of AIH can be asymptomatic or present with signs of acute liver disease, chronic liver disease or, even fulminant hepatic failure. 3 Symptoms of the disease are frequently nonspecific and include fatigue, lethargy, malaise, anorexia, nausea, abdominal pain, itching, and arthralgia involving the small joints. 4 The disease is known to affect women more commonly than men (70-80% of cases involving females) and age pattern shows a preponderance for those in their 4 th to 6 th decades of life. 5 AIH is most prevalent in European populations, with rates of the disease in Caucasian populations of Europe and North America ranging from 0.1 to 1.9/100,000/year. 5 Considerably less frequently, the disease has also been observed in Japan. 6 Unfortunately, the data on the disease prevalence in other regions of the world are very limited, and a lack of universally accepted diagnostic methods has resulted in reported prevalence rates that over-or under-estimate the true prevalence.
Several diagnostic criteria have been developed to identify AIH. The most commonly used at this time are the diagnostic criteria of the International Autoimmune Hepatitis Group (IAIHG), revised original diagnostic scoring system of the IAIHG, and the simplified diagnostic scoring system of the IAIHG. Some scoring systems, such as the simplified scoring system of the IAIHG, are designed to be basic enough that they can be easily employed in the clinical setting, while others are meant to discern more challenging cases. 7 The central theme of all these devised scoring systems is that clinical judgement remains an important aspect of diagnosis and that liver biopsy is required. Standard therapy, used to help slow the disease progression and resolve symptoms, consists of immunosuppressives, steroids with or without the addition of purine analogs, azathioprine, or 6-mercaptopurine. Because of the relatively specific response of autoimmune conditions to immunosuppressives, positive responses have been incorporated into some of the diagnostic scoring systems for AIH.
The two scoring systems used in the cases reviewed currently were the Revised Original Scoring System of the International Autoimmune Hepatitis Group and the Simplified Diagnostic Scoring System of the International Autoimmune Hepatitis Group. 7, 8 The causes and pathogenesis of AIH are not completely understood but likely involve both environmental and genetic factors. The common theme among all potential factors is the abnormal stimulation of the host immune system. With regards to medication-induced AIH, it is important to distinguish between preexisting subclinical AIH made clinically apparent by exposure to medications versus drug-associated development of AIH de novo in patients with no prior evidence of AIH. In an effort to clarify the terminology, the implementation of a three-category system has been suggested. 9 The first of the three categories that they describe is referred to as "AIH with DILI", where DILI stands for druginduced liver injury. In these cases, patients already have documented AIH along with possible advanced fibrosis on histology at the time of exposure to a drug, with subsequent liver injury.
for AIH. It is proposed that DILI unmasks or triggers the condition. This group is considered to have AIH and discontinuation of the offending agent alone does not result in resolution of the inflammation. Cessation of immunosuppressive therapy is frequently associated with relapse of inflammation. 9 The third category is the "immune-mediated DILI" group. For these patients, there are no signs or symptoms of AIH prior to medication exposure. Typical characteristics of symptoms and markers of liver damage and abnormal serology are absent and appear only after exposure to an offending medication. Patients in this category show good response to steroid therapy and importantly, often achieve long-term remission after withdrawal of immunosuppressives. It seems possible that simple cessation of the offending medication may be sufficient in mild cases. 9 While AIH and immune-mediated DILI carry different long-term prognoses, the pathogenic mechanisms between them appear to be similar. Both disease states result in an immune-mediated hepatitis and are triggered or evolve from an initial insult brought on by the addition of a medication. For this reason, they are described in a similar manner in this review.
With regards to treatment, some experts have recommended that treatment be initiated for any diagnosis of AIH, while others have advised therapy for only certain criteria of liver damage. 8, 10 In this review, we examine the evidence for the association of biologics (infliximab, adalimumab, and etanercept) in the development of AIH with an emphasis on category 3, de novo biologic-induced, immune-mediated hepatitis. We also review proposed pathogenic mechanisms, diagnoses, and treatment.
Monoclonal antibody therapy: Tumor necrosis factor alpha (TNFa) inhibitors
Biologics include a broad range of products whose production involves recombinant DNA technology. This broad category of medications is generally further subdivided into three groups, as follows: agents that are nearly identical to the body's own signaling proteins; fusion proteins; and, monoclonal antibodies. The first subset-substances identical to the body's own signaling proteins-includes stimulating factors such as erythropoietin, growth hormone, and biosynthetic human insulin. The second subset, known as the fusion proteins, involves the combination of a naturally occurring receptor linked to an Ig frame. The resulting structure contains an Ig and a corresponding receptor necessary for the protein's specificity. The third category-monoclonal antibodies created using techniques such as hybridoma or monoclonal antibody technology-consists of custom designed antibodies, the purpose of which is to target a specific cell type and either stimulate or inhibit the immune system, or target radioactivity to certain cells.
Monoclonal antibodies are further subdivided into three main types, as follows: recombinant; chimeric; and, human. Recombinant monoclonal antibodies involve the production of antibodies using yeast or viruses. Chimeric monoclonal antibodies involve the production of humanized DNA by combining portions of mouse and human antibodies by recombinant technology. The final category-human antibodies-is the most recent development in monoclonal antibody technology and involves the generation of fully human monoclonal antibodies by either the use of transgenic mice or through phage display in which variable antibody domains are displayed on filamentous phage coat proteins.
While monoclonal antibodies have been designed for a wide array of molecular targets, in this review, we specifically examine TNFa inhibitors. This type of monoclonal antibody is designed to inhibit the proinflammatory actions of TNFa. Some of the most potent immune inhibitors and agents in this class are infliximab, adalimumab, and etanercept. Infliximab is a chimeric human-mouse IgG monoclonal antibody derived from recombinant DNA that consists of mouse heavy and light chain variable regions combined with human heavy and light chain constant regions. 11 Adalimumab on the other hand, is a fully human monoclonal antibody, while etanercept, is a TNF receptor-IgG fusion protein. 12, 13 TNFa inhibitors are used to treat autoimmune conditions, including ulcerative colitis, ankylosing spondylitis, Crohn's colitis, psoriasis, hidradenitis suppurativa and rheumatoid arthritis.
14-29 Their mechanism of action involves binding and inhibiting TNFa, a major inflammatory signal protein. 30 Unfortunately, due to the severe immunosuppression that these agents can cause, immune defenses can be compromised, resulting in serious bacterial infections, such as tuberculosis, reactivation of hepatitis B, and hepatosplenic T-cell lymphoma. 31, 32 Moreover, despite inducing immune suppression, TNFa inhibitors have been implicated in the development of other autoimmune diseases, including drug-induced lupus, demyelinating central nervous system disorders, psoriasis and psoriasiform skin lesions, and new-onset vitiligo. 33 AIH has also been a reported outcome of TNFa inhibitor use, although the evidence has been limited to case reports, a summary of which is listed in Table 1 .
Infliximab
As seen in Table 1 , females experienced a predilection for disease state, as 13 of the patients were female, while only 6 were male. None of the reported cases had a history of chronic or serious liver disease (although 3 had evidence of chronic hepatitis on biopsy). All reported patients had significantly elevated aminotransferases (aspartate aminotransferase, alanine aminotransferase), 16 patients were reported to have significantly elevated ANA titers, 6 had significantly elevated SMA titers, 8 had significantly elevated doublestranded (ds)DNA titers, and 8 had significantly elevated IgG titers. Other than 1 patient with significant ANA titers prior to treatment administration, none of the cases reported significant titer elevations prior to infliximab initiation.
14 All 19 cases reviewed here reported liver biopsies in their results and all had evidence of interface hepatitis of varying degrees of severity. The average time to onset of disease post-medication application ranged from a couple to several months, with the fastest reported time to onset being within 2 weeks of therapy initiation and the longest being 2 years. Seventeen of the nineteen cases had resolution of aminotransferase elevations following cessation of steroids (although three had lingering ANA and one had persistently increased gamma-glutamyltransferase). Two of the cases required long-term therapy with corticosteroids for treatment.
Using the previously described categorization, it appears that most of the patient cases fall into the 3 rd categoryimmune-mediated DILI. This is based on complete resolution of AIH symptoms and decreasing titer levels (ANA, SMA, IgG, anti-dsDNA) with immunosuppressives. However, there was Journal of Clinical and Translational Hepatology 2018 vol. 6 | 402-409 no description of long-term follow-up in the cases reviewed, making it possible that patients relapsed after the reported studies were completed. Furthermore, none of the cases involved simply stopping the offending agent as a suggested method of identifying immune-mediated DILI. Infliximab was stopped in all cases, but none of the cases relied on cessation of agent alone to achieve resolution, presumably because of the severity of reactions. All of the cases responded to steroid treatment. Two other cases required long-term steroid maintenance therapy. These may represent examples of true drug-induced AIH with possible unmasking of AIH by infliximab. Unfortunately, there were no preinfliximab administration liver biopsies taken on those patients to further clarify whether there was a preexisting subclinical AIH, making this diagnosis speculative. 23 Of note, one case involving infliximab therapy showed resolved hepatitis poststeroid therapy; although, an elevated ANA, with no documented titer, remained.
14 Although the ANA titer prior to infliximab therapy was elevated at 1:80, the low level, lack of specificity of ANA, and lack of biopsy prior to infliximab therapy to diagnose a preexisting AIH, led to insufficient evidence to qualify this as a case of druginduced AIH.
None of the papers in this review fit into the categorization of AIH with DILI by its strict definition, as none of the patients were reported to have known AIH prior to starting their respective monoclonal antibody therapies. However, 5 cases did exhibit evidence of chronic liver disease on biopsy, although only 3 are discussed below as the 2 others did not provide case descriptions. 17, 21, 23, 25 A case with computed tomography findings of nonhomogeneous liver texture and biopsy showing inflammatory infiltrate around the portal tract with neutrophils, lymphoid and plasma cells, as well as bridging necrosis and piecemeal necrosis consistent with autoimmune chronic active hepatitis, has been reported. 17 Prior to initiation of infliximab, normal serology and negative ANA titers were reported. For this reason, we placed that case in the drug-induced AIH category; moreover, a standard course of steroid therapy did not lead to resolution, and the patient continued to have significantly elevated IgG, ANA and dsDNA antibody, and positive SMA. It is unclear what alternative therapy was employed after treatment failure.
One case demonstrated chronic hepatitis with portal and periportal fibrosis with numerous lymphocytes and eosinophils on biopsy after discontinuation of infliximab. Unlike the other cases in this review, this one provided the results of biopsy prior to initiation of infliximab, as the patient had experienced enzyme elevations while on methotrexate (which was subsequently discontinued with normalization of lab values prior to infliximab initiation). The preceding biopsy showed only mild, nonspecific changes. 21 However, that case also had a complicating diagnosis of lupus erythematosus. As the pre-and during infliximab treatment biopsies were taken roughly 2 years apart, it is possible that the portal and periportal fibrosis was the culmination of multiple hepatic insults, including a smoldering lupus, on a liver that was already inflamed from previous treatment modalities. This case was categorized as immune-mediated DILI because steroid therapy successfully led to resolution of symptoms and there was not enough evidence to diagnose a pre-existing AIH. Of note, we considered lupus hepatitis as an alternative primary cause of liver dysfunction rather than immune mediated DILI in this patient since the two are often difficult to discern on serology and have significant overlap symptomatically. While the serologies provided in this case did not strongly advocate for one etiology of liver disease over the other, the patient's biopsy was more phenotypically consistent with AIH rather than lupus hepatitis, as periportal fibrosis, rather than lobular fibrosis, was evident. 34 In another case, a biopsy of the liver showed inflammatory plasmocyte infiltrates in the portal tracts, interface hepatitis, and mild periportal fibrosis. 25 Again, confounding variables complicated the diagnosis of drug-induced AIH. The patient described in the case had undergone infliximab therapy on three separate occasions within the past decade. While the patient did not experience significant hepatitis during previous drug administrations, the hepatic fibrosis seen on biopsy may have been the result of previous DILI secondary to infliximab therapy. That case was also classified as an immune-mediated DILI, as there was no convincing evidence of longstanding AIH.
Three of the cases reviewed showed surprising responses to re-initiation of TNFa inhibitor therapy after resolution of acute AIH-like symptoms post-infliximab treatment. In one case, a 66 year-old female with Crohn's colitis was cautiously restarted on infliximab and tolerated the continued treatment without any further reported episodes of liver injury (though how this was monitored is not stated in the report). 23 In two cases, patients were switched to adalimumab, another TNFa inhibitor, after symptom resolution and decrease in enzyme levels. 25, 26 In one case, only ANA titers remained significantly elevated at 1:160-1:320 with adalimumab use, while in the other report the patient had no positive serologies after starting adalimumab. Neither case provided any further liver biopsy data.
The re-initiation of TNFa inhibitors without further hepatitis flares complicates the relationship between TNFa inhibitors and the development of AIH. One of the proposed theories as to why infliximab appears to be more commonly associated with AIH-like syndromes as opposed to the other TNFa inhibitors may lie in the molecular make-up of these medications; infliximab is a chimeric human-mouse IgG monoclonal antibody, while adalimumab is fully humanized and etanercept is a fusion of recombinant soluble TNFa receptor and human IgG monoclonal antibody. It is believed that the murine portion of infliximab may make it more susceptible to causing immune-mediated reactions. 35 This theory, however, does not explain why a patient reacted to infliximab during initial therapy yet tolerated reintroduction of the medication once their acute hepatitis resolved nor does it explain why, in another case, the patient previously tolerated infliximab therapy on multiple occasions without experiencing symptomatic hepatitis. 23, 24 This may indicate that even on an individual level, susceptibility might have less to do with predisposition and more to do with circumstance.
Adalimumab
As seen in Table 1 , there were currently only two reported cases of adalimumab associated with AIH disease. In those cases, both patients exhibited AIH symptoms and were females under the age of 45 who did not have any positive serological markers for AIH prior to adalimumab administration. For both patients, AIH symptoms developed within months of initiation of treatment with adalimumab and liver Journal of Clinical and Translational Hepatology 2018 vol. 6 | 402-409 407 biopsies were consistent with AIH. Fortunately, both patients had resolution of their hepatitis and normalization of aminotransferases after steroid treatment, supporting a diagnosis of immune-mediated DILI. Interestingly, one of the patients had been treated in the past with etanercept, which has also been reported to induce AIH and hepatic fibrosis.
Etanercept
As seen in Table 1 , literature review yielded only a single reported case of etanercept causing a suspected AIH. The patient was a female, over 45 years-old, with RA and Sjogren's syndrome, and who, after being unsuccessfully treated with nonsteroidal anti-inflammatory drugs and methotrexate, was started on a course of etanercept. Two weeks after starting etanercept, she developed elevated liver enzymes with ANA positivity, significantly elevated IgG titers, and biopsy proven portal area-dominant lymphoplasmacytic inflammatory cell infiltration. The patient responded well to a course of steroid treatment and achieved complete resolution. Of note, the patient did have a previous reported hepatitis, thought to be secondary to nonsteroidal antiinflammatory drug use, which was evidenced by mild liver enzyme elevations of aspartate aminotransferase (45 U/L) and alanine aminotransferase (62 U/L). All other tests for serological markers prior to etanercept initiation were negative. In this case, the authors initially postulated that the patient had mild liver disease with liver enzyme elevation secondary to nonsteroidal anti-inflammatory drug use, though on reevaluation believed that this may have been an undiagnosed AIH which was exacerbated with etanercept therapy. 29 As the patient had a resolution of titers and normalization of enzyme levels after steroid course with no long-term follow-up, it is not possible to determine whether this was a missed AIH with exacerbation or if it was an autoimmune-induced DILI overlying previous DILI secondary to nonsteroidal anti-inflammatory drug use.
Mechanisms behind biologic-triggered AIH and AIHlike symptoms
It is unclear why, and seems counter-intuitive that, biologics, such as infliximab and other TNFa inhibitors, which are known to be such powerful immunosuppressives, can induce AIH. Generally, AIH is thought to be caused by a loss of tolerance against the liver, presenting as a periportal hepatitis initiated by CD4+ T cells which recognize selfantigens. 36 As the hepatocytes express aberrant HLA class II molecules on their surface, resultant inflammatory processes occur with the destruction of hepatocytes by cellmediated autoimmunity. 36, 37 Alternatively, the induction of AIH may be the result of antibody-dependent autoimmunity, with antibodies directed against hepatocyte membranes. These autoantibodies include IgG, which is found in 80% of patients with AIH. 38 Monoclonal antibodies are hypothesized to contribute to the development of immune-mediated liver disease through the development of autoantibodies, including ANA and antidsDNA, in predisposed patients. One proposed pathway involves TNFa agents interfering with induced cell death of CD8 T cells, leading to an increased lymphocyte presence. 39 Alternatively, TNFa blockade could interfere with the normal cytotoxic T lymphocyte suppression of self-reactive B cell production. 39 Another potential cause of AIH with monoclonal antibodies may have less to do with the activation of complex pathways and more with drug-induced hepatic cell injury exposing antigens which normally have no contact with immune cells. The exposed antigens are subsequently attacked by immune cells, leading to liver damage. 40 Interestingly, the frequency of autoimmune reactions is greater when TNFa inhibitors are used as treatment for specific rheumatological diseases, and when the medications are used in combination with other agents such as methotrexate. 17 Limitations in studies on medication-induced AIH AIH is difficult to define due to its lack of disease-defining features and potential causes. Although there are scoring systems designed to make a diagnosis of drug-induced liver disease, these scoring systems, such as the Roussel Uclaf Causality Assessment Method, have been found to be too burdensome for regular clinical use. Other scales, less focused on medication-induced liver disease and more so on identifying true AIH in the clinical setting, are the International Diagnostic Criteria for AIH Scoring System as well as the more recent simplified version. 39, 7 Unfortunately, even with the scoring systems in place, it is difficult to prove AIH. In fact, the cases in this review that employed an AIH scoring system identified scores correlating to a "high likelihood" for AIH. Still, uniform use of classification systems is important for disease understanding, especially in cases of possible medication-induced disease. Of the 22 case reports examined in this review, only 12 calculated scores for the drug-induced disease state (Simplified Criteria, International Diagnostic Criteria for AIH Scoring System). 16, [22] [23] [24] 26, 27 Furthermore, none of the authors contributed AIH scores post-cessation of steroid therapy, likely because most patients saw resolution of symptoms. A standardized scoring approach with scores prior to treatment, during treatment with therapeutic agents, and posttreatment with steroid therapy would be helpful to further understand AIH.
A significant confounding variable in the attempt to draw causation between certain agents and the development of AIH-like symptoms is the nature of treatment histories. As seen in this review, patients who received monoclonal antibody therapy had previously undergone many other failed therapies with agents that themselves have toxic hepatic safety profiles, such as methotrexate, leflunomide, and mesalamine. In addition to the effect of confounding variables is the fact that in some of the cases reviewed, reintroduction of the agents initially blamed for the AIH symptoms or use of biologics with the same mechanism of action did not lead to any further reported acute hepatitis events.
Conclusions
Biologics, in particular TNFa inhibitors, are an important and increasingly used therapy for autoimmune disorders. It appears, however, that they may paradoxically potentiate or cause AIH and variants of similar pathogenic mechanisms, such as immune-mediated DILI. Although the data are sparse and there are no large or controlled studies on the subject, the cases reviewed do suggest an association. It will be important to engage in larger studies to establish the cause
408
Journal of Clinical and Translational Hepatology 2018 vol. 6 | 402-409
and effect relationship between biologics and their role in inducing AIH and similar disease processes.
